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Abstract.

Marbled Murrelets (Brachyramphus marmoratus) were censused during

scveral field studies of bird use of Washington marine waters, du;ing various seasons
and times between 1971 and 1985. Using results from different studies that used different

methods, summer and winter populations are discussed. The best estimate of Marbled
Murrelet abundance in Washington coastal waters is a total of about 5000 birds present
during the spring-summer (April-July) breeding season. Winter data are less complete,
though limited anecdotal reports, and qualitative and quantitative observations, suggest
numbers are larger at that season than during the summer.

Key words: Brachyramphus marmoratus; Marbled Murrelet; marine waters; popu-

lations, Washington.

INTRODUCTION

The nominate subspecies of the Marbled
Murrelet (Brachyramphus m. marmoratus)
breeds along the Nearctic continental margin from
Alaska to central California (AOU 1957) and
winters in the same area. Estimates of densities
and numbers of murrelets at sea have been made
in Alaska (Sowls et al. 1978), British Columbia
(Vermeer et al. 1983, Carter 1984, Sealy and
Carter 1984), Washington (Wahl et al. 1981, Wahl
and Speich 1984, Speich and Wahl 1989), and
Calhifornia (Sowls et al. 1980). Most data were
collected incidental to seabird colony surveys and
therefore are incomplete; only along part of the
west coast of Vancouver Island, British Colum-
bia, have surveys been conducted specifically to
census murrelets (Carter 1984, Sealy and Carter
1984). In this paper, we collate data from several
sources to determine the distribution and esti-
mate the numbers of Marbled Murrelets present
in all marine waters of Washington year round
(1.e., duning the breeding and non-breeding pe-
riods).

METHODS

Censuses

Marbled Murrelets in nearshore (<20 m deep)
coastal waters were observed and counted with

' Present address: Dames & Moore, 1790 E. River

Road, Suite E-300, Tucson, Arizona 85718.
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a 20x telescope in 1984 and 1985 from three
shore stations on the outer coast (Speich et al.
1987; Fig. 1): Sea Lion Rock, in a 40° arc ex-
tending from shore about half way (2.4 km) to
Sea Lion Rock (total area surveyed 2.0 km?);
Willoughby Rock, in an 80° arc from shore 2.3
km to Split lock (total area surveyed 3.7 km?2):
anc Point Grenville, in a 120° arc from shore 1.1
km to Grenville Arch (total area surveyed 1.2
km?). Numbers recorded at each location were
summed and divided by the area surveyed on all
censuses during cach week to obtain bird den-
siti=s (birds/km?).

During June and July of 1978, 1979, and 1985,
i1 boat transects were made through various
stretches of coastal nearshore waters (Table 1).
Murrelets were counted out to 150 m on one or
(usually) both sides of an inflatable boat. Num-
bers of Marbled Murrelets were divided by the
area surveyed on each transect to obtain densi-
t1cs.

Only one set of winter observations of the
nearshore coastal waters of the outer coast has
I:pen quantified. On 19 November 1979, an ae-
rial survey was flown from Cape Flattery to the
mouth of Grays Harbor and return (330 km
length, 39.6 km? surveyed) using standard meth-
ods.described in Wahl et al. (1981), Wahl and
Spe'mh (1984), and Speich and Wahi (1986). An
aerial survey of the Columbia River and near-
shore waters in this vicinity on 13 April 1984
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Fic. 1. Map of western Washington marine arcas. Numbers show gencral locations of regions, specifically
defined in Wahl et al. (1981) and Speich and Wahl (1989).

used the same methods (Speich and Thompson  Harbor from 1971 through 1986 were dua'lbed
1987). by Wahl (1984) and those used on acnal and

Methods used to observe and quarntify Mar-  boat censuses in mthcrn Puget Sound were de-
bled Murrelets on pelagic boat trips from Grays scribed by Wahl and Speich (1984).
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Tasiz 1. Observations and densities of Marbled
Murrelets on censuses of nearshore waters near Sca

Lion Rock, coastal Washington.
P e e e ettt e A

Number

Number Total of Density
ocen- area birds (birds/

Date suses* (km?) observed km’)

1984

Apr 8-14 4.4 8.80 0 0.00
15-21 11.8 23.62 0 0.00

22-28 10.3 20.61 0 0.00

29-05 134 26.89 19 0.71

May 6-12 4.6 9.30 2 0.22
13-19 15.0 30.16 3] 1.03
20-26 6.4 12.82 26 2.03

27«02 8.9 17.84 6 0.34

June 39 9.6 19.35 l 0.05
10-16 17.5 35.18 0 0.00
17-23 2.0 4.02 7 1.74

24-30 1.6 3.27 3 0.92

Jul 1-7 3.3 6.53 5 0.77
8-14 0.9 1.76 6 3.41

15=21 4.6 9.30 4 0.43

22-28 0.5 1.01 0 0.00

1985

Apr 7-13 1.0 2.01 0 0.00
14-20 4.0 8.04 0 0.00
21-27 0.9 1.76 0 0.00
28-04 6.5 13.07 7 0.54

May  5-11 2.9 5.78 0 0.00
12-18 4.0 8.04 0 0.00
19-25 14 6.79 2 0.29
26-01 10.5 21.11 8 0.38

Jun 2-8 1.8 3.52 9 2.56
0-15 2.8 5.53 46 8.32

16-22 3.5 7.04 19 2.70
23-29 4.0 8.04 8 0.12

30-06 - - — —

Jul 7-13 2.9 4.02 20 4.98
14-20 1.0 2.01 128 63.69

21-27 2.0 4.02 3 0.75

28-03 - - - -—

Aug l‘:—:g 1.0 2.01 2 1.00
18-24 1.0 2.01 10 4.98
25-31 3.0 6.03 19 3.15

* Census arca composed of eight radial zones not all
of which were always censused on any given “census.”

In a study of marine bird populations in north-
ern Puget Sound in 1978 and 1979, we recorded

all birds observed during censuses in 13 regions
and 73 subregions (Wahl etal. 1981). Subregions
were created (often arbitrarily) to describe geo-
graphical or biological units (see Wahl et al.
[1981]). Observations in each subregion were
made during aerial, boat, ferry, and/or land based
censuses of specific marine water arcas (as de-
scribed 1n Wahl et al. [1981], Speich and Wahl
[1986]). Censuses were combined within time
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periods, such as April and May, June, July
through October, and November through March.

Censuses within subregions were either of shore-
line habitats, generally areas next to shore and

less than 20 m deep, or of open water habitats,
generally areas away from shore and greater than
20 m deep. The sum of all Marbled Murrelets

was divided by the total area surveyed by all
census methods, inciuding replicate censuses of
individual segments, broken down by habitat,
season and subregion to obtain densities. Den-
sities were multiplied by the total area of the
habitat types they represented in respective sub-
regions to obtain projected totals.

Population estimates

Not all adult birds were present on the water
during censuses in the breeding season (Aprnil-
July), and not all birds present were breeding
adults. The activities of Marbled Murrelets that
influence their presence on the water (i.e., in-
cubation, and attending voung at the nest during
the day) vary each month. The spring period
(April=May) likely corresponds to pre-incuba-
tion and incubation periods in the study area
(summarized in Jewettetal. [1953], Sealy [1974],
Carter [1984]). June probably is when most Mar-
bled Murrelets are breeding (e.g., incubating eggs
and reanng young; Sealy 1974, Carter 1984), and
when young birds start to appear on the water
(Bowles 1911). During July, some birds are in-
cubating, some are feeding young, and many
chicks are fledging (McMannama 1950, Jewett
et al. 1953, Sealy 1974, Carter 1984, Carter and
Sealy 1987). Thus. any period chosen for cen-
susing has its limitations due to the protracted
breeding scason length.

Because the numbers of Marbled Murrelets
observed were variable, we considered it was best
to use as much information as possibie to derive
numbers, especially since not all arecas were sur-
veyed at the same time of the season or day and
since there were several different census methods
employed. When timing of breeding and ade-
quacy of censusing were both considered, we
thought that the April-July time period in 1978-
1979 was most appropriate for determining Mar-
bled Murrelet numbers. We thought, however,
the April-May time period in 1978-1979 was
also acceptable.

We determined projected total numbers (P7)

of Marbled Murrelets during the breeding season
for the study area using:




TanLE 2. Observations and densities of Marbled -
ington northern outer coast. Murrelets on boat transects in nearshore waters of the Wash-

= e e —

g Survey |
. urvey length Survey Number Density
_ L:canon date (km?)  area (km?) cbserved (birds/km?)
LaPush-Alexander Island 6-01-
Alexander Isiand-LaPush 6-05-33 } :2 gis l; ‘2‘:;‘2‘
LaPush—Carroll Island 6-08-78 12.5 3.75 19 5.07
Makah Bay-Carroll Island 6-27-78 38.0 11.4 34 2.98
LaPush-Carrol! Island, return 7.22.78 24.0 7.2 5 0.2}
Kalalock-Destruction Island 6-11-79 18.0 5'4 25 4'63
Sea Lion Rock-Pt. Grenville 6-12-79 18.0 5.4 22 4.07
LaPush-_Dcstrucuon Island 7-24-79 28.0 4.2 35 8.33
Destruction Isiand-Alexander Island 7-26-79 14.0 4.2 10 2.38
Pt. Grenville-Tunnell Island 6-11-85 43.2 13.0 97 706
Pt. Granville-Tunnell Island 7-09-85 43.5 13. 6 0.44
Mean totals 261.7 74.3 270 3.63

b

PT = [I(1 - 8) + S,
[Equation 1}

where, A is the total population (i.e., breeding
adults plus subadults but excluding juveniles) oi
the study area, S is the proportion A that is com-
posed of nonbreeding subadult birds (0.135) (Sea-
ly 1975), 1 — § is the proportion of A that are
breeding adults (0.85), and 7 is the proportion of
the breeding adults not at the nest incubating or
attending young (first few days after hatching) on
any given census. We used an approximate value
of 0.75 for I (derived as the average of, 0.5 pres-
ent during incubation [April-June] and 1.0 pres-
ent during chick period [June-July], after Carter
[{1984)] and Sealy and Carter [1984)).
We determined A as:

A=PT/I(1 — 8) + 8§,
[Equation 2)

or,
A = PT/0.84.

RESULTS
Numbers of Marbled Murrelets

Northern outer coast. —Summer. —Marbled

Murrelets were recorded in ncarshore waters at
all three shore stations at the south edge of this
area (Speich et al. 1987). Birds were often ob-
served in the Sea Lion Rock census area in 1984
and 1985, with more birds observed more ofien
in 1985 (Table 1). The timing of occurrence and
numbers of Marbled Murrelets were highly van-
able in this small nearshore area, but murrelets
did occur over most of the summer in both years.

[Equation 3]
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Nearby, in the Willoughby Rock census area,
fewer birds were observed less often, and still
fewer were observed in the Point Grenville cen-
sus area. Densities calculated from boat censuscs
ranged from 0.4 10 8.3 birds/km?(Table 2). Using
the mean density of 3.6 birds/km?, we calculated
a total of about 1,600 Marbled Murrelets during
summer in this nearshore area (444 km?).

Winter. — Only 10 Marbled Murrelets were ob-
served on the 19 November 1979 coastal flight,
resulting in a density 0of 0.25 birds’km-. Applying
this density to the nearshore arca, we calculated
that about 110 Marbled Murrelets were present.
However, because of the small sample, only the
presence of small numbers of Marbled Murrelets
can be stated.

Southern outer coast. — Summer. — Waterbirds
in the Columbia River, its mouth and nearshore
plume, and the nearshore waters north to the
mouth of Grays Harbor were surveyed on 13
April 1984, after the March 1984 Columbia Riv-
er oil spill (Speich and Thompson 1987, unpubl.
obs.). Only three Marbled Murrelets were de-
tected. all in the mouth of the Columbia River
at river miles zero to five. This gives a density
of 2.8 birds/km?, and an estimatc of about 70
Marbled Murrelets in the 24 km? mouth of the
river. In March through August 1980, Marbicd
Murreclets were not observed during censuses in
the mouth of the Columbia River (Hazel 1981).
On 13 April 1984 no murrelets were observed

mouth of Grays Harbor.
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From spring through fall 1971 to 1989, Mar-
bled Murrelets were consistently observed in the
Grays Harbor Channel and nearshore off Grays
Harbor, but were generally absent from deeper
and farther offshore waters (Fig. 2). During this
same period, numerous single and paired birds
were observed on occasional boat transects near
shore north of this area.

apparently low. Only small numbers of birds were
observed at the mouth of the Naselle River in
Willapa Bay (J. Atkinson, pers. comm.), and smal)
numbers were ofien observed off the north end
of Grassy Island, near Leadbetter Point, in the
mouth of Willapa Bay. However, murrelets were
reported by fishermen as common in Willapa
Bay (R. Widrig, unpubl. notes, Manuscript Col-
lection, Suzallo Library, Univ. Washington, Se-
attle).

Overall, we roughly estimate that fewer than
300 Marbled Murrelets are present in this area
dunng the breeding period.

Winter.—Little is known of the distribution
and numbers of Marbled Murrelets present dur-
ing the winter. Five murrelets were observed on
the 19 November 1979 flight from the mouth of
Grays Harbor to the north along the coast. Two
Marbled Murrelets were reported on only two of
14 Leadbetter Point Christmas Bird Counts from
1973 to 1986. A total of 74 Marbled Murrelets
were observed on nine of |3 Grays Harbor

(10 passages through
channel, 45 birds observed) and near its mouth

m depth, and 10 in water

vnfaterbirds in this area date back to 1792 (Men-
zies (1792)), Baird et a), (1860:915) first reported




the Marbled Murrelet, as “... probably con-
stantly resident in the latitude of Puget’s Sound
They mentioned specimens secured in Puget
Sound by J. G. Cooper, G. Suckley, and others,
in the 1850’s. These and other subsequent re-
ports of sightings of Marbled Murrelets (e.g.,
Dawson and Bowles 1909, Rathbun 191 3, Jewett
et al. 1953), do not permit numbers to be esti-
mated. Only recent surveys of southern Puget
Sound have provided such estimates.

Summer.—In May and June 1982, Wahl and
Speich (1984) surveyed all of southern Puget
Sound, Hood Canal and the waters east of Whid-
bey Island. They observed 406 Marbled Mu-
relets, in small numbers throughout the area, but
less often observed in southern reaches of the
arca than in northern areas.

Winter. —Data from Christmas Bird Counts
(Edmonds, Everett, Kitsap County, Olympia,
Port Townsend, Seattle, and Tacoma: see Au-
dubon Field Notes and American Birds, 195]—
1986) showed that Marbled Murrelets were con-
sistently found in southern Puget Sound during
the winter, but that numbers varied between years
and count areas. Christmas Bird Count totals and
winter aerial censuses (Wahl and Speich 1983.
unpubl. obs.) indicated that winter numbers of
Marbled Murrelets were likely lower in southern
than northern Puget Sound. Birds were widely
distributed, but were often concentrated, for ex-
ample at the entrance to Hood Canal and the
Great Bend of Hood Canal.

Northern Puget Sound —Marbled Murrelets
often have been reported from this area (e.g.,
Rhoads 1893, Edson 1929, Jewett et al. 1953).
but numbers were not quantified. Marbled Mur-
relets occurred throughout the area in all regions
and subregions during censuses conducted in 1978
and 1979 (Manuwal etal. 1979, Wahletal. 1981,
Speich and Wah! 1986).

Spring-Summer. —During 1978 and 1979,
there were about 3400 sightings of Marbled Mur-
relets on 416 (16.3%) of 2558 censuses in April-
July (Appendix 1). The sum of projected totals
for all nearshore and offshore areas of all sub-
regions was 1800 birds (Table 3).

Applying Equation 3, the total population for
this period was 2100 birds (Table 3). The pro-
jected total for spring (April-May) 1978-1979
was 1600 birds or a total population of 1900
birds; however, Equation 3 is less appropniate
for this period because 7 is closer to 0.5 at this
time. Numbers for June 1978-1979 (projected
total = 2400, total population = 2900), July 1978
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TasLE 3. Total numbers of Marbled Murrelets in
Washmgton_ marine waters, spring-summer (April-
July) and winter (November-March), 1978 to 1989.

__"-———-—-——-—__________——_._______m

_ Total
Location

Projected popula-
Observation period totals tion
_-—___—_“m._

Northern outer coast

Apr-Jul 1.600 1.900
Nov-Mar Present

Southern outer coast
Apr-Jul <500 <500
Nov-Mar Present

Southern Puget Sound
Apr=Jul 406 480
Nov-Mar > 400

Northern Puget Sound
Apr-Jjul 1.800 2,100
Nov-Mar 3,400

Total (spring-summer only) 4.300 5,000

(1100 and 1300, respectively), and July 1979 (600
and 7C0) vary considerably from these numbers.
perhaps due to the small number of censuses and
incomplete censusing of the 73 subregions in the
smaller time penods.

Winter.—During the winter periods of 1978
(January-March), 1978-79 (November—-March)
and 1979 (November-December), there were
3962 obscirvations of Marbled Murrelets on 580
(22.2%) of 26 18 censuses (Appendix 2). The sum
of the projected totals for all shoreline and off-
shore areas of all subregions for the winter pe-
rnods was about 3400 birds (Table 3): also the
total population, as winter projecte totals. un-

like those for the spring-summer period. were
not adjusted.

Seasonal changes in numbers

Three carly reports noted seasonal changes in
the abundance of Marbled Murrelets in Puget
Sound: Edson (1908:429) stated that murrelets
were ““Abundant in winter and fairly common
in summer. .. ; Rathbun (1915:461) stated :hat
they were “From November until Apnit a com-
mon resident, becoming rarer as the season pro-
gresses .. .77 and Milier et al. (1935:59) stated
that they were **‘More numerous in winter.” Only
recenit data from northern and southern Puget
Sound can be used to determine marked scasonal
changes in the numbers of Marbled Murreiets.

Southern Puget Sound. — With rclatively thor-
ough (mainly boat) coverage of southern Puget
Sound, Hood Canal, and waters cast of Whidbey
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F10. 3. Changes in percent of censuses with Mar-
bied Murrelets detected, winter (November-March)
compared to spring-summer (April-July), in 1 2 regions
of northern Puget Sound, 1978 and 1979, Total num-

ber of censuses performed in each region is shown
above/below each column. Region boundaries and de-
scriptions are found in Wah) et al. (1981).

Island, in summer, Wahl and Speich (1984) ob-
served 406 birds. Whereas aerial censuses de-
tected a smaller proportion of birds actually pres-
ent. winter flights suggested somewhat greater
numbers than in spring-summer. On one flight,
220 birds were observed in Hood Canal, of which
190 were i1n the Great Bend subregion alone.
Certain Christmas Bird Counts which cover sim-
tlar areas to those done by boat during summer
(e.g.., Olympia) also indicated more Marbled
Murrelets present in winter (range 9-85 birds, £
= 32, n = 6 counts) than in summer (9 birds, 1
boat count).

Northern Puget Sound. —It is very likely that
more Marbled Murrelets occur in northern Puget
Sound during winter than at other times. Sea-
sonal differences in densities and percent of cen-
suses reporting Marbled Murrelets were found:
more birds were observed and a greater propor-
tion of censuses encountered murrelets during
the winter periods (compare subregion data in
Appendices 1 and 2 for examples). In summary,
this trend is reflected in that eight of the 12 geo-
graphic regions of northern Puget Sound (Wahl
ct al. 1981) had more censuses with Marbled

Murrelets present in winter periods as compared
to spring-summer periods (Fig. 3). Projected to-
tals for the winter periods of 1978 and 1979 were
somewhat higher than the total population es-
timated for the spring-summer periods of 1978
and 1979 (Table 3). These trends are contrary to
those expected if the population was stable, as
generally poorer winter observation conditions
would reduce the portion of birds present that
are observed. Thus, the magnitude of the re-
ported increases are likely conservative.

Other observations also indicate that Marbled
Murrelets in northern Puget Sound are more
common during winter than spring-summer. The
projected total number of Marbled Murrelets in
winter was 3400 birds when birds were found in
nearly all subregions of northern Puget Sound
(Appendix 2), and since we assume that all birds
are in marine waters at this time of year, the
projected total equals the total population. How-
ever,atdawnon 19 January 1978, 5200 Marbled
Murrelets were observed flying south, passing
Point Roberts at the northern edge of the study
area (Fig. 1; Wahl et al. 1981). Although this
number was low, as birds already were passing
by when the observations started, the total num-
ber of birds observed was greater than the pro-
jected total number of Marbled Murrelets for all
of northern Puget Sound during this time period.
In addition, there have been several reports from
Christmas Bird Counts and in American Birds
(formerly Audubon Field Notes), and elsewhere,
of concentraiions of Murrelets numbering in the
low thousands or hundreds in Washington ma-
rine waters during the winter. For example, Jew-
ett et al. (1953) reported 1000 birds near Port
Townsend in winter and 2125 were reported at
Point Roberts in the winter of 1975-76 during
the Ladner, British Columbia, Christmas Bird
Count (just north of the Washington-British Co-
lumbia border). Such large numbers of birds have

never been reported in summer at these or other
localities in Washington.

Historical changes in numbers

Early reports of Marbled Murrelets in Puget
Sound described them as “‘common” (Rathbun
1915, Miller et al. 1935), “abundant™ (Rhoads
1893, Edson 1908), or “numerous” (Miller et al.
1935). Others reported only the presence of Mar-
bled Murrelets in Puget Sound (Edson 1929, Gove
1946, McMannama 1950). Unfortunately, early
observations were not quantified and therefore
cannot be compared with recent censuses (Wahl
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and Speich 1983, 1984). However, G. Alcorn
(pers. comm.) and J. Slipp (pers. comm.), who
lived, collected, and observed in Puget Sound for
parts of the first half of this century, and who

have each published papers on Puget Sound birds,
both thought Marbled Murrelets were previously

more abundant. We cannot now describe Mar-
bled Murrelets as abundant, or even numerous,
on Puget Sound. Marbled Murrelets are now only
locally common at different times of the year,
including spring and summer (Speich and Wahl,
unpubl. obs.; Wahl and Paulson 1981: Lewis and
Sharpe 1987).

DISCUSSION

Our analyses indicate that there was a total
population of about 5000 Marbled Murrelets in
the marine waters of Washington during the pe-
riod April through July (Table 3). Census data
for northern Puget Sound has clearly indicated
that at least some Marbled Murrelets from out-
side the study area (presumably British Colum-
bia) move into Puget Sound during the winter
months to account for the larger numbers at that
time. If part of the Washington population is
migratory and leaves during winter, then even
more migrants may immigrate into the state than
1s indicated by these numbers alone.

There are several limitations to our method of

deriving population estimates. First, in extend-

ing densities, calculated from average counts of

limited sampling of a habitat to the entire hab-
itat, we assume that samples are representative
of the entire habitat. However, murrelets are
known to have clumped at-sea distributions with
aggregations occurring where prey are concen-
trated (Carter 1984, Sealy and Carter 1984). Thus,
ali areas would not have similar densities of Mar-
bled Murrelets as we have assumed. However,
finding specific murrelet aggregations was difh-
cult because censuses were not replicated im-
mediately, nor were censuses by different meth-
ods done simultaneously. Some censuses were
replicated within a few days, but aggregations of
murrelets were not found in the same specific
census tracks, even though consistent scasonal
concentrations were evident within a number of
subregions (also see Carter {1984)).

Second, on open waters different census meth-
ods (c.g., boats versus aircraft) sample bird pop-
ulations differently and all birds present are not
observed (see Briggs et al. [1985a, b]). Obser-
vation conditions in Puget Sound with its myriad
of shorelines, bays, coves, islands, straits and
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passages, and constantly changing environmen-
tal conditions, were often less than ideal (Wahl
et al. 1981), especially for Marbled Murrelets.
Unfortunately, we cannot quantify the large per-
centage of cryptically-colored murrelets present
that we think we may not have seen during acrial
censuses, especially near shore where frequent
aircraft turns, reflections and shadows occurred.
Lastly, applying different census methods, lev-
els of censusing effort, and combining censuses
over large time periods and different times of
day contributed to imprecision of our estimates.
However, we thought that it was most important
10 increase our sample size as much as possible
to account for variation in murrelet numbers.
Even after the intensive censusing effortin 1978
and 1979 in northern Puget Sound (Wahl et al.
1981), we can only approximate numbers of
Marbled Murrelets. In future investigations, cen-
sus methods should be tailored for the obser-
vation of murrelets at sea and designed to esti-
mate their numbers more specifically. It is critical
that baseline numbers using such a new census

technique be obtained in the near future.
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ApPENDIX 2. Abundance of Marblcd Murrelets in the marine waters of northern
waters during the winter, (November-March) 1978 and 1979 (Wahl et al. 1981).
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